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WHEN SILENT GAPS IN A SPEECH sample are filled with highintensity noise, listeners report the speech as continuing throughout the noise (Miller and Licklider 1950; Samuel 1981; Warren 1970) . Although noise does not add any linguistic information, it can improve speech comprehension (Warren 2008) due to facilitation of the integration of information present in separate segments of speech. Illusory continuity has also been demonstrated for a variety of nonspeech sounds, including pure tones (reviewed in Warren 2008) , frequencymodulated sweeps (Ciocca and Bregman 1987; Kluender and Jenison 1992) , and amplitude-modulated sounds (Lyzenga et al. 2005) . Apparently, the illusion can be induced whenever a masking sound is loud enough and contains energy at the frequency of the restored sound (Houtgast 1972; Thurlow 1957; van Noorden 1975; Warren 1984) . A recent study using two noise bursts separated by a gap that did or did not contain a pure tone suggested that continuity could also be illusorily heard through the gap between the two noise bursts when they were flanked by pure tones at the same frequency (Haywood et al. 2011) .
What defines the strength of the continuity illusion? First of all, it is the physical properties of the stimuli, such as the frequency overlap and relative loudness of the sounds, and a lack of silent gaps that would contradict sound continuity (reviewed in Bregman 1990; Warren 2008) . The continuity illusion is also notable for its large interindividual variability: some participants continue to hear illusory sounds for tens of seconds (Warren 2008) , whereas others do not perceive illusory continuity at all (Vinnik et al. 2011 ). This variability has been linked to the individual properties of neural onset responses recorded with EEG and to the strength of perceptual grouping (Vinnik et al. 2011) . Within individual subjects, the strength of illusory continuity depends on the preceding sensory stimulation: stimuli previously judged as discontinuous promote the continuity illusion more on subsequent trials (Riecke et al. 2009a (Riecke et al. , 2011a . Still, a large part of this perceptual variability remains unexplained (Riecke et al. 2011a) .
Previous work has shown that baseline brain states can influence auditory perceptual performance. For example, detection of low-intensity sounds is correlated with baseline activity in auditory cortices, anterior insula, anterior cingulate, and thalamus: higher activity precedes correct detection, whereas lower activity is associated with misses (Sadaghiani et al. 2009 ). Similarly, conscious perception of low-intensity somatosensory stimulation correlates with immediately preceding levels of baseline activity in medial thalamus and the lateral frontoparietal network, which are thought to relate to vigilance and external monitoring (Boly et al. 2007 ). In the visual domain, intrinsic fluctuations of ongoing activity during baseline periods are significantly related to perceptual decisions for an ambiguous stimulus (Hesselmann et al. 2008b ). Prestimulus baseline activity in motion-sensitive occipitotemporal cortex is associated with an increased probability of perceiving coherent motion, whereas lower levels of activity are seen in trials where the motion direction is judged to be random (Hesselmann et al. 2008a) . Therefore, it is likely that baseline brain states influence sensory and decisional aspects of auditory tasks in general, and auditory filling-in in particular, even though direct evidence of this has so far been lacking.
Imaging and modeling studies have linked the continuity illusion with partial reduction of sound-evoked activity in both auditory cortices (resulting in diminished auditory edge detection, and thus a greater tendency to perceive continuity; Heinrich et al. 2008; Riecke et al. 2011b ) and short-term changes in population patterns of neuronal activity, such as adaptation (Vinnik et al. 2010 ). We hypothesized that baseline states could influence all these processes and directly explain some of the variability in perceptual performance. We tested this hypothesis by analyzing baseline EEG activity during a behavioral task in which participants judged the continuity of auditory tones. Physically identical, perceptually ambiguous stimuli were used to elicit continuity illusions in some trials and correct gap detection in other trials. This permitted us to examine baseline activity and relate it to subsequent perceptual judgments. We also examined evoked responses and oscillatory activity associated with illusory continuity as well as using amplitude-modulated auditory stimuli to compare stimulusevoked auditory steady-state responses (SSRs) during perceived continuity and perceived discontinuity.
METHODS

Participants
All procedures were approved by the SISSA BioEthics Committee. Fourteen participants (8 males) provided written informed consent before the experiments. They had no history of peripheral or central hearing disorders and had their hearing levels individually characterized. The subjects aged from 18 to 32 yr (mean Ϯ SD, 23.5 Ϯ 4.1 yr). Twelve of them were right-handed. Informed consent for the EEG experiment was obtained from each subject after they were instructed about the nature of the study in accordance with the principles of the Declaration of Helsinki.
Apparatus
Auditory stimuli were presented binaurally through E-A-RTONE 3A Insert Earphones (Aearo, Indianapolis, IN) in a dimly lit, soundattenuated room. A 128-electrode ActiveOne data acquisition system (Biosemi B.V., Amsterdam, The Netherlands; http://www.biosemi. com) with sintered Ag-AgCl electrodes was used to record EEG signals. To synchronize the sound presentation and the EEG recordings, we generated a digital audio file that contained sound stimuli on one track (the track played to the participants) and timing marks on the other track, which was routed to the EEG recording system. This ensured precise temporal synchronization of sound playback and EEG events for data analysis. The data were recorded digitally with a 2,048-Hz sampling rate and 16-bit digitization. Behavioral responses were recorded simultaneously along with the EEG through custom button boxes connected to the EEG recording system (Biosemi B.V.).
Stimuli
Continuous and discontinuous tones were combined with two kinds of noises ("masking noise" and "spectrally dissimilar noise"; see Fig. 1 ). In Fig. 1B , masking noise occluded a gap in the tone, causing the subjective experience of the tone continuing through the noise (the auditory continuity illusion). A 2nd, spectrally dissimilar noise was used in control discontinuous and continuous conditions. This bandpassed noise was centered at 2,425 Hz. The lower edge was separated from the tone by Ͼ1 octave [ϳ6 equivalent rectangular bandwidths (ERBs) away (Hartmann 1998) ] to minimize the spectral overlap between the tone and noise. The target tones were 1,007-Hz amplitude-modulated tones (modulation frequency, 40 Hz; modulation depth, 90%). The 1st portion of the tone lasted 1,000 ms; the 2nd portion of the tone (tone after the noise) was 800 ms long. The noise duration was 500 ms.
In the EEG experiment, our aim was to attain 50% continuous and 50% discontinuous responses in the continuity illusion condition. Since individual thresholds for the continuity illusion show considerable intersubject variability (Vinnik et al. 2011; Warren 2008 ), we performed a screening test to adjust properly the noise level for each individual subject. The stimuli consisted of a discontinuous tone with spectrally similar noise 500 ms long with a loudness ranging from Ϫ4 to 6 dB relative to the tone. The stimuli for the EEG experiment were generated based on the subject's performance in this screening test, aiming at 50% continuous and 50% discontinuous responses. To control for possible variation in thresholds during the experiment, two noise levels were used for each participant; these were spaced 1-2 dB apart, for example 2 and 4 dB. Control continuous and discontinuous conditions were used. In the control continuous condition, a continuous tone was combined with spectrally dissimilar noise. In a control discontinuous condition, a 50-ms silent gap separated tone offset and noise offset. Noise samples were generated individually for each trial. All tones and noises had 7-ms cosine-squared ramps at the sound edges. Stimuli were generated using MATLAB (The MathWorks, Natick, MA) with a 44.1-kHz sampling rate.
Hearing levels were used to normalize out any variation due to the disposable insert ear tips used in this study. We referenced sound levels to each individual's noise-detection thresholds. Noise-detection thresholds for the noise centered around 900 Hz were measured using a custom-written adaptive staircase procedure. The participants had comparable noise thresholds that were unrelated to their performance in the perceptual tasks used here. In all experiments, the tones were presented at 61-dB hearing level, which none of the participants found to be unpleasant.
Procedure
Participants were instructed to "ignore the noise, attend to the tone, and report gaps or any kind of changes in the tone." If they heard a gap In condition D, a gap between the tone and the noise starts 50 ms earlier than in C and B. The tone (1,007 Hz) is separated from the lower edge of the noise in conditions A and C (2,125 Hz) by Ͼ1 octave. During the screening test, the noise loudness varied from Ϫ4 to 6 dB relative to the tone (not illustrated). E: schema of the EEG task: the noise loudness was adjusted for individual subjects so that physically identical stimuli elicited continuity illusions only in some trials. In other trials, the gap was correctly detected.
or a change in the loudness of the tone, they were asked to judge the tone as discontinuous. Examples and a practice session (with no feedback) were provided to facilitate attention to the tone during the noise. During the screening test, participants were seated in front of a computer and asked to indicate their perceptual judgments by means of a button press. Each subject performed 15 trials per condition. The EEG experiment was performed 1-3 days after the screening test. Participants were allowed to refrain from answering in some trials but were discouraged from doing so. The test was divided into 3-5 10-min-long blocks with pauses between blocks. During a block, subjects were comfortably seated in an armchair and were instructed not to move during recordings. Two button boxes, one in the right hand and one in the left hand, were used to obtain behavioral responses (continuous or discontinuous) after the end of the stimulus on each trial. Importantly, the position of the button boxes was switched after each block (e.g., the continuous button was under the right hand in the 1st block, under the left hand in the 2nd block, and so on). This was done to avoid lateralization of response-related potentials. To avoid discomfort associated with maintaining long visual fixations during the experiments, the participants were instructed to keep their eyes closed during the experiment. The order of the stimuli was pseudorandomized (no condition occurred more than twice in a row). Intertrial intervals varied randomly between 3 and 4 s.
Analysis
Data from 64 channels evenly distributed across the scalp were used to ease the computational load. These were resampled at 256 Hz (cubic spline interpolation) for event-related potential (ERP) component analysis, band-pass filtered from 1 to 30 Hz using a zero-phase delay filter. Unfiltered data were used for SSR analysis. Average referencing was used. The epochs included 1,000-ms pre-and 500-ms poststimulus intervals. A semiautomatic artifact rejection algorithm (EEGLAB; Delorme and Makeig 2004) was used to delete epochs that contained movement artifacts and eye blinks. On average, 83 trials in each condition were available from each subject (minimum 63 and maximum 303 trials per condition).
ERPs. Based on previous studies, we expected to see a relationship between EEG onset/offset responses and perceptual responses (Heinrich et al. 2008; Petkov et al. 2007 ) with larger onset/offset responses associated with perceptual discontinuity. The analyses were confined to the time intervals from the onset of the noise to 500 ms after the noise offset. A 200-ms baseline was taken before the noise onset that ended at noise onset (700 -1,000 ms after the onset of the tone). Nonparametric statistical tests with cluster-based multiple comparison correction were used for hypothesis testing (FieldTrip toolbox for analysis of EEG and EMG data; Oostenveld et al. 2011 ). For every sample (channel-time data point), the experimental conditions were compared by means of a t value. All samples were selected for which the t value was larger than a threshold corresponding to P Ͻ 0.05. It must be noted that this ␣-level does not affect the false alarm rate of the statistical test; it only sets a threshold for considering a sample as a candidate member of some cluster of samples. Selected samples were clustered in connected sets on the basis of temporal, spatial, and spectral adjacency. Cluster-level statistics were calculated by taking the sum of the t values within every cluster. The maximum of the cluster-level statistics was the test statistic used to evaluate the effect of the experimental conditions (Oostenveld et al. 2011) .
SSRs. The target tones were amplitude-modulated to track the stimulus representation across time: the 40-Hz amplitude modulation elicits a 40-Hz neuronal oscillation, readily revealed in EEG, called the SSR. This is thought to reflect rhythmic, stimulus-evoked activity phase-locked to the sound envelope in auditory system neurons (reviewed in Ross et al. 2005) . The power and the phase of responses at 40 Hz (the frequency of the amplitude modulation) was calculated in three time windows: during the first part of the amplitude-modulated tone (0 -500 ms after the onset of the tone), during the noise (1,000 -1,500 ms after the tone onset), and after the noise offset. To obtain power and phase estimates for the 40-Hz SSR, discrete Fourier transforms were used [128-point fast Fourier transforms (FFTs), ⌬F ϭ 2 Hz, the epochs tapered with 5-ms cosine-squared ramps, so that 40-Hz SSR was represented by a single component 39 -41 Hz (i.e., centered at the target frequency of 40 Hz)]. A post hoc analysis examined the EEG during the 2nd part of the tone only (250 -500 ms after the noise onset) to account for possible perturbation of the SSR during the onset responses (Ross et al. 2002 ). Rayleigh's test was used to examine the nonuniformity of the phase distribution (MATLAB Toolbox for circular statistics; Berens 2009). During the tone (0 -500 ms after the tone onset), all 14 participants showed a significant increase in power at 40 Hz and significant phase clustering (P ϽϽ 0.001) indicative of a high-quality SSR signal. To test whether the 40-Hz tone-evoked oscillation persisted during illusory continuity of the tone, a dependent-samples sign test was conducted using both power and intertrial coherence. We examined activity in the baseline period (from Ϫ500 to 0 ms before the tone onset) and the noise period (from 1,000 to 1,500 ms after the tone onset) in the trials on which the tone was judged as continuous.
Spectral analysis. Two windows of interest were used for analysis: the noise period (during which the continuity illusion occurred in some trials and did not occur in other trials) and the postnoise period (during which the subjects heard the reappearance of the tone if there was no continuity illusion, in contrast with the ongoing tone in trials with the continuity illusion). It was suggested previously in the literature (Warren 2008 ) that the reappearance of the tone may be associated with larger onset responses and other processes related to the appearance of a new sound in the auditory scene. Oscillatory power was calculated using discrete Fourier transforms (FFT size ϭ 128 points, ⌬F ϭ 2 Hz, the epochs tapered with 5-ms cosine-squared ramps) in two 500-ms long time windows of interest: during the noise (from 0 to 500 ms after the onset of the noise onset) and after the noise offset (corresponding to 500 -1,000 ms after noise onset). Statistical analyses were performed using the FieldTrip toolbox for EEG/magnetoencephalography (MEG) analysis (Donders Institute for Brain, Cognition and Behaviour, Radboud University Nijmegen, The Netherlands; Oostenveld et al. 2011) . A paired-sample permutation t-test with cluster-based correction for multiple comparisons (Maris and Oostenveld 2007) was performed on the spectra integrated within a band of interest. No baseline-correction for power values was used in these analyses (see DISCUSSION) .
Analysis of the baseline period. The signal strength of the oscillatory activity in different frequency bands before the appearance of the noise was examined to see whether this bore any relation to the probability of elicitation of the continuity illusion. The following frequency bands were examined separately: ␦ (Ͻ4 Hz), (4 -8 Hz), ␣ (6 -12 Hz), ␤ (12-36 Hz), and ␥ (34 -80 Hz), not including the power at frequency boundaries. The temporal integration window spanned 500 ms of the silent intertrial interval before the tone onset. Power was calculated using discrete FFTs and averaged to obtain a single estimate for each band for each channel. Next, we used principal component analysis to reduce further the dimensionality of our data set (Hubert et al. 2008 ). The first three principal components were taken. Data from each individual subject were considered independently. For each participant in each trial, we therefore had three power estimates and the corresponding perceptual report.
A leave-one-out linear classifier procedure was used to determine whether baseline EEG activity predicted subsequent behavioral responses. For each subject, the classifier was trained on the data from all the trials except for one. Data from that single trial were then automatically classified as belonging to the continuous or the discontinuous cluster. If the automatic classifier's response was consistent with the actual perceptual judgment of the data, the trial was counted as correct, otherwise it was scored "wrong." This procedure was then repeated for all the trials, and the percentage of correct responses of the classifier was reported. If there were no relationship between EEG data and a subject's perceptual judgments, the classifier should not perform significantly differently from chance (50% correct).
A permutation test was used to assess significance: trial labels were randomly scrambled 1,000 times, and the procedures described above applied to the scrambled data. This yielded a distribution of percentages that could have occurred by chance (ϳ50% correct). P values were then calculated as the probability of observing the percentage correct obtained with the real data by chance (the number of times that permuted data yielded a value equal to or greater than the real data). Importantly, this permutation test accounted for any possible confounds, such as uneven numbers of trials, low numbers of trials, etc. The absolute significance level depends on the number of trials obtained for each individual subject and therefore is not the same for all subjects (see Fig. 3, dark dots) .
To find out which electrode sites contributed to the predictions of the out-classifier analysis, we ran the classifier on each electrode separately using the values of ␥-power in the individual trials. The P values were estimated by the permutation test (see above). Topographical plots of the results were created using EEGLAB (Delorme and Makeig 2004) .
RESULTS
Behavior
In the screening test, louder noises were associated with a higher probability of the continuity illusion (P Ͻ 0.01, n ϭ 14, Friedman ANOVA on the scores obtained in the psychophysical test done before the EEG experiment). To create the stimuli that would be perceived as continuous on some trials and discontinuous on other trials, we selected noise levels individually for each subject. Among subjects, the mean loudness level of the noises in the EEG experiment was 1.25 dB higher than the tone (SD, 1.9). It ranged from Ϫ2 to 6.5 dB relative to the tone, consistent with the idea that susceptibility to continuity illusions is subject to strong intertrial variability (Warren 2008) . The participants performed consistently during the screening test and the EEG experiment, which gave us the opportunity to examine EEG responses to the stimuli that were identical but produced different behavioral responses. During the screening test, and, most importantly, during the EEG recordings, all the subjects performed well in the catch trials of the psychophysical experiment, suggesting that participants paid attention to the stimuli and performed the task as instructed.
No Differences in ERPs
We found no relationship between the participant's perceptual judgments and the amplitude of the potentials evoked by the noise and the reappearance of the tone. During the noise and after the noise offset, there were no differences in amplitude between the trials on which the tone was judged as continuous compared with the trials on which the gap was detected (n ϭ 14; P Ͼ 0.05, paired-samples t-test with clusterbased correction for multiple comparisons taking into account all 64 electrodes and the time range from 0 to 500 ms after noise onset and from 0 to 500 ms after tone reappearance; see METHODS) .
No Differences in SSR
The 40-Hz SSR was present in all subjects during the presentation of the tone (significant increase of power at 40 Hz, sign test; P ϽϽ 0.01, Rayleigh test for nonuniformity of the phase distribution; Fig. 2 ). There was no indication, however, that SSRs persisted during the presentation of the noise that elicited continuity illusions: there was no significant difference between continuous and discontinuous conditions in power at 40 Hz during the presentation of the noise (P Ͼ 0.05). There were also no differences in power and intertrial coherence at 40 Hz between the baseline period and the noise period in the trials on which the tone was judged as continuous and those on which it was judged as discontinuous (n ϭ 14; P Ͼ 0.1, sign test).
A post hoc analysis examined the EEG during the second part of the tone only (250 -500 ms after the noise onset) to account for possible perturbation of the SSR during the initial part of the noise following the onset responses (Ross et al. 2002) ; this analysis found no evidence for an SSR response during the noise.
Oscillatory Activity During the Continuity Illusion
During the continuity illusion-inducing noise, we found differences in EEG spectra in the ␤-frequency range (14 -35 Hz). The trials on which the tone was judged as continuing behind the noise had less power in the ␤-band compared with the trials on which the gap was correctly detected (P ϭ 0.048, corrected for multiple comparisons). However, as discussed below, we have also found that the brain activity during the baseline period influenced the strength of the subsequently perceived continuity illusion (see below). Taking this into account, we are reluctant to conclude unequivocally that the spectral changes during the illusion are interrelated with the illusory continuity perception. It could have been the case that the baseline brain state affects the subject's perception and the EEG responses to sound presentation in an independent manner. By pointing this out, we would like to stress the importance of checking for the baseline effects in the experiments that use variability in the perception of the ambiguous stimulus to study the underlying neural processes. Fig. 2 . Event-related spectral perturbations. The black lines denote (from left to right) the onset of the tone, the onset of the noise, the offset of the noise, and the offset of the tone. There is no tone present during the noise (ambiguous continuity illusion stimulus). Color scale is in decibels relative to the baseline. The onset and offset responses are seen at approximately 3-6 Hz after the tone onset, noise onset (1,000 -1,500 ms), and tone offset (2,300 ms). The signal at 40 Hz reflects the amplitude modulation of the tone (steady-state response, SSR). The data come from the Fz electrode of a single subject and illustrate the strength of the SSR responses typically observed in the data from individual participants.
Oscillatory Activity During the Baseline Period Significantly Predicts the Occurrence of the Continuity Illusion
Oscillatory power estimates in five different spectral bands [␦ (Ͻ4 Hz), (4 -7 Hz), ␣ (8 -12 Hz), ␤ (13-30 Hz), and ␥ (38 -80 Hz)] were fed into a leave-one-out linear classifier (see METHODS) . The classifier used data from single trials for each individual subject. On each run of the classifier, one of the trials was taken out of the common pool of data. This trial was then classified as continuous or discontinuous based on the rest of the data. If there was no relationship between power estimates and perceptual judgments, the classifier would perform no differently than the 50% chance level. If the baseline activity predicted the subject's subsequent behavioral responses, then performance was expected to be significantly above chance. The significance was calculated by means of a permutation test (see METHODS). Thus, for each individual subject and each spectral band, we obtained the classifier's performance and assessed its significance (Fig. 3) . In the ␥-band, 10 out of 14 participants showed a significant relationship between oscillatory power in the baseline and subsequent perceptual judgment. This is significantly higher than the 1/14 subjects that would be expected to show such a relationship by chance with a 0.05 level of significance (P ϭ 0.0013, Fisher exact test). The group effect was also significant (P Ͻ 0.05, Bonferroni-corrected). In the ␤-range, the effect was also significant at the group level (P Ͻ 0.05, corrected). Two participants showed weak but reliable within-subject prediction (ϳ63 and ϳ67%). In total, 13 out of 14 participants had performance Ͼ50%. The group effects on other frequency bands were not significant.
To find out which electrode sites contributed to the predictions of the out-classifier analysis, we ran the classifier on each electrode separately and estimated the P values by the same permutation test procedure (see METHODS). This yielded a topographical map (Fig. 4) in which classifier performance (percentage correct) is shown in color. As seen in the average plot (Fig. 4A) , the effect is strongly lateralized. The most predictive electrodes were located in the left hemisphere (temporal/parietal/occipital sites). Figure 4B shows examples from individual subjects. The values are thresholded to indicate significance (P Ͻ 0.05, permutation test), so that only significant electrode sites appear in color other than blue (blue corresponds to 50% correct, the chance level). The high ␥-power in the baseline predicted stronger illusory continuity in the majority of subjects and electrode sites, whereas lower ␥-power predicted a discontinuous percept.
DISCUSSION
To investigate illusory continuity phenomena, we recorded EEG activity while participants were engaged in an active discrimination task. We were able to compare brain responses with physically identical stimuli when they were perceived differently by using a screening session to adjust the loudness of a noise masker individually so that physically identical stimuli could elicit both continuous and discontinuous judgments.
Representation of the Illusory Stimulus
Psychophysical studies have suggested that illusory continuity arises when the auditory system does not detect a gap or an edge in a sound stream, which is masked by an interrupting sound (reviewed in Bregman 1990 ). In the auditory cortex, illusory continuous tones are represented similarly to physically continuous tones: sustained-responder neurons fire throughout the noise, and onset and offset responders do not change their firing rate at the edges of the gap filled by the noise (Petkov et al. 2007 ). Suppression of stimulus-evoked activity in the auditory cortex during the continuity illusion has been found by several human imaging studies (Heinrich et al. Fig. 3 . Predictive power of baseline spectral estimates in ␦ (Ͻ4 Hz), (4 -7 Hz), ␣ (8 -12 Hz), ␤ (13-30 Hz), and ␥ (38 -80 Hz) ranges. Each dot represents data from an individual subject. Subjects whose individual performance was statistically significant (nominal P Ͻ 0.05, not corrected for multiple comparisons) are highlighted. Please note the statistical significance depends not only on the percentage of correct guesses of the classifier, but also on the number of trials available for analysis, hence differences between participants (e.g., ␦-range, top 3 participants). Triangles represent group means. Group statistical significance is indicated by an asterisk (P Ͻ 0.01, sign test). Horizontal dashed line at 50% correct marks the chance level. Fig. 4 . Topographical distribution of the ␥-band activity predicting psychophysical performance. Color scale is the percentage correct of the classifier on individual electrodes. A: average of all 14 subjects (sbj). Asterisks mark channels that were predictive in at least 8 participants. B: examples of the topographical distributions observed in individual subjects. Note that the stronger effect on left temporal/parietal/occipital sites is common. Asterisks on individual electrodes mark electrodes on which higher ␥-power significantly predicted continuous percepts. The maps are thresholded for significance, so that only significant electrodes appear in a color other than blue (P Ͻ 0.05, permutation test).
2008; Riecke et al. 2011b) . In the present study, we wanted to examine these findings using physically identical stimuli to elicit continuity illusions or gap detection, fully controlling for the influence of physical properties of the stimulus.
We found no relationship between perceptual judgments and the magnitude of the evoked potentials at the onsets or offsets of the noise. This observation is consistent with a similar study that also failed to find a significant effect of perceptual judgment on the magnitude of scalp-recorded ERPs to physically identical stimuli (Riecke et al. 2009b) . It remains possible, however, that such differences could be present in the activity of isolated sources of EEG/MEG activity, as observed in a previous study (Riecke et al. 2009b) , and such findings would not necessarily contradict those reported here.
Illusory Continuity of Amplitude-Modulated Sounds
During the continuity illusion, a target sound appears to be unchanging. The perceptual characteristics of the sound (for example, its amplitude modulation) match between the physically present and illusory portions of the tone (Lyzenga et al. 2005) . In the present experiment, we tested the hypothesis that the illusory continuity of amplitude-modulated sounds is accompanied by a persistence of rhythmic activity initially triggered by the synchronization of neural responses to the sound envelope. In the present study, the participants also judged the target tones as "unchanged" during the auditory continuity illusion: they detected neither gaps nor any changes in the perceptual quality of the tones. During the 40-Hz amplitudemodulated tone, there was a robust rhythmic oscillation of the EEG signal at 40 Hz. However, during the noise no such rhythmic activity was observed during the continuity illusion, and there was no difference in the power or coherence of activity in this frequency band between illusory continuity and gap detection. We found no evidence that the oscillatory activity evoked by the tone persists along with the illusory sound.
Both the phase and the amplitude of SSRs have previously been shown to be perturbed by a noise click presented to the ear contralateral to the one in which an amplitude-modulated tone is presented (Ross et al. 2005) . Cortical P1 to speech or noise is significantly affected by a stimulus presented to the contralateral ear, but earlier response components (such as the ABR and Pa) are not (Ozdamar and Bohórquez 2008) . These data point to the existence of some mechanism(s) that prevent the synchronization of large neuronal populations to the envelope of the incoming sound. Similar phenomena have been observed in studies of comodulation masking release in the cochlear nucleus and the auditory cortex. Addition of a comodulated flanker tone partially suppresses locking of spike activity in the cochlear nucleus to the envelope of the masker, thus facilitating the detection of the target (Pressnitzer et al. 2001; Winter et al. 2005) . In the cat primary auditory cortex, addition of a spectrally remote pure tone abolished the phaselocking of the membrane potential to the modulated noise in all the recorded cells (Las et al. 2005) . Thus active mechanisms in the auditory system that favor cross-channel neuronal integration of auditory information in some circumstances may desynchronize this kind of processing in the presence of a noise.
With respect to the neural mechanisms of the auditory continuity illusion, the lack of any large-scale entrainment in oscillatory activity during the continuity illusion with amplitudemodulated tones has now been found independently in two cases (the present one and D. Pressnitzer, R. Ragot, A. Ducorps, D. Schwartz, and S. Baillet, unpublished data, personal communication). This does not exclude the possibility that a small subset of neurons may maintain the rhythm of the amplitude-modulated sound. However, these results are in line with the psychophysical observation that the phases of an amplitude-modulated or frequency-modulated sound are not perceptually preserved during the continuity illusion, since participants cannot discriminate between sounds in which the portion of the tone after the noise is either shifted by 90°or is kept in accordance with the first portion of the tone (Lyzenga et al. 2005 ). In addition, neurometric thresholds for auditory perceptual flutter based on the periodicity of firing in primary auditory cortex are lower than individual subjective behavioral thresholds (Lemus et al. 2009 ), whereas firing-ratebased neurometric thresholds were very similar to behavioral discrimination thresholds. This may suggest that rate-based coding is more likely to be involved in the generation of the continuity illusion than fine-scale temporal codes that would need to be maintained during the illusion.
Baseline Predictors of the Continuity Illusion
Baseline brain state influences the strength of auditory filling-in: differences in the EEG spectrum before the presentation of the continuity illusion-inducing noise predicted subsequent perceptual judgments. The occurrence of the continuity illusion could be predicted based on the EEG power spectrum up to 76% correct in individual cases. The ␥-range was the most informative about participants' future percepts.
This finding is in line with previously documented influences of the baseline brain state on stimulus processing in sensory systems (Arieli et al. 1996; Lakatos et al. 2005; Marguet and Harris 2011; Poulet and Petersen 2008) . It has been suggested that fluctuations of the neuronal excitability level may account for variability in sensory responses and thus affect perception. Brain states dominated by high frequencies in their local field potential are the states in which the representation of the stimulus is most accurate (Marguet and Harris 2011). Consistent with these findings, our data suggest that power in the high spectral (␥) range was most predictive of the participants' perception: more ␥ was typically associated with stronger continuity illusions. This may suggest that filling-in is stronger in the state of the network that allows more faithful stimulus processing.
In the visual domain, attention to target figures increased the probability of filling-in compared with unattended figures (De Weerd et al. 2006) , however, in the case of auditory continuity illusions, this effect has not been confirmed: selective attention to the sounds did not change stimulus-related activity in the brain area previously shown to be involved with the generation of auditory continuity illusions .
By showing that auditory filling-in depends on brain state, the present experiments highlight the need for more research exploring the relationship between perceptual filling-in and preattentive processing, building on previous findings implicating evoked responses with latencies Ͻ200 ms with the generation of auditory filling in (Heinrich et al. 2008; Micheyl et al. 2003) .
A practical implication of these findings is that more attention should be given to the baseline in experiments that use ambiguous stimuli to explore neural bases of perception, such as auditory and visual filling-in, streaming, and other bistable phenomena. The brain state effects are likely to influence the stimulus-evoked activity causally related to perception (Marguet and Harris 2011). However, one should also remain open to the possibility that the stimulus-evoked responses superimposed on different background states are merely correlated with perception and not causal. The present paper provides an example where baseline activity predicts perception, whereas ERPs do not.
